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UPPER-AIR CURRENTS AT HONOLULU, T. H. 
By ANDREW THONRON 

[Apia Observatory] 

,4 large amount of data regarding upper-air currents 
has been obtained a t  Honolulu, Teriit,ory of Hawaii, 
from the pilot-balloon observations taken for aviation pur- 

oses in its environs a t  the naval station, Pearl Harbor. 
Eefore January, 1924, few balloon flights were followed 
above 6 kilometers, so that studies of these data made by 
Blair (1) and Beal (2) were limited to winds of moderate 
altitude. It is the purpose of this article to discuss 
upper winds over Pearl Harbor (lat. 21' 22' N., lon . 
157O 57' W.), based on an analysis of 159 flights ma B e 
between July, 1924, and July, 1927, all of which were 
followed above 5 kilometers and in one instance to 30 
kilometers. These were evenly distributed over the three 
years and provide good material for the study of trade 
winds, although a larger number of flights was desired. I 
ani indebt'ed to J. F. Voorhees, meteorologist, United 

States Weather Bureau, Honolulu, for having placed them 
a t  my disposal. Although situated upon an island within 
the Tropics, Honolulu has hoth a very small annual rain- 
fall (25.41 inches) and a large percenta.ge of days with 
cloudless sky, which combine to make it an excellent 
1oca.tion for aerological investigation. 

Honolulu is situated southwest of the permanent high- 
pressure center of the easteim Pacific in an mea where the 
NE. trades are prevalent t,hroughout the whole year. From 
June to August winds from east' to nort'heast blow for over 
93 per cent of the time, and even in the winter sea- 
son, when most int,errupted by winds set up by cyc.lonic 
depressions, trndes persist for 66 per cent of the time. 

The percentage freqi1e.nc.y of winds blowing from 16 
points of the compnss for lia.lf-kilomet,er levels up to 11 
kilometers is given in Table 1.  

TABLE I.-Frequ.ency of winds from various directions at different altitudes above Pcnrl Harbor, Honolicll!, 192.$-1997 
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The NE. winds a t  the surface veer with increasing 
altitude through E. and SE. to SW. and NW. until at  
12 kilometers the winds have completed the circuit 
through 360°, and are blowing again from the NE. Only 
9 balloons were followed above 12 kilometers and these 
would indicate northerly and easterly winds to 20 kilo- 
meters. In Figure 1 are given the directions of all flights 
above 11 kilometers which, although subject to consider- 
able individual error through leaks in balloon fabric and 
vertical currents, give evidence of the existence of the 
upper NE. trade winds. 

While the wind veers round as viewed from outside the 
earth in a clockwise-direction it does not do so a t  a regular 
rate; there are; two main currents continuing throughout 
the year, withjintervening,bands of winds with direction 
varyingtwith the season.& The two predominating wind 
currentsjarej thejNE. trades upIto 2 kilonieters and the 
NW. antitrades'from 7 to 12 kilometers. Between these 
two main currents are southerly winds ,with direction de- 
pending upon the season.:, Above the NW. antitrade is the 
thin upper trade jwindlreaching-to theitropopause. In  the 
tropopause as Dobson has found in England the winds are 
subjectitoiwide vagaries, both in direction and velocity. 
Above; the trades, the great current of air is the NW. anti- 

trade which, it is interesting to note, Ficker (3) has found 
playing an equally important rble at  Teneriffe in 
approximately the same latitude in the Atlantic, Ocean. 

In order to investigate the variation in the heights of 
winds with season, the observed wind velocity at  each 
half kilometer was resolved into north-south and east- 
west components, the components being grouped in 
periods of two months. Although the results obtained 
a t  Honolulu by this method are believed to represent the 
state of affairs normally existent in nature, there are 
conditions not strikingly dissimilar when the method 
would lead to fallacious conclusions. Thus a belt of very 
strong winds blowing for nine-tenths of the time may 
sweep the balloons so far from the observer t,hat they are 
lost in distance. The balloons released when light or 
contrary ground winds occur will continue to be observed 
through the belt of strong winds usually present into levels 
which are probably calmer than their normal state. 
There is a small selective effect in the 159 flight's here 
discussed each of which is followed to at  least 5 kilometers; 
the wind velocities up to 4 lrilonieters.altitude are about 
15 per cent less for each level than those given by Beak 
for 1,265 flights taken daily. The velocity components 
up to 10 kilometers are given in Tables 2 and 3. 
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TABLE 2.-Norfh-south wind components at Honolulu and 5 O  S. during. December to Februarv. Neither of 
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TABLE 3.-East-west wind con1po71e?ils or veloci ly~ot  Honolulu 

[The plus sign (+) indicates west wind] 
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Although the north-south components a t  the surface 
are strongest during May to September, it is to be noted 
that above 1 kilometer the absolute velocities are greater 
during January to April. The steeper temperature 
gradients set up during the winter months between the 
temperate zone and the equator produce a more vigorous 
circulation a t  the higher levels. The variation of the 
heights a t  which winds blow is most clearly seen from 
Figures 2 and 3, derived from the above tables. 

(1) The NE. trade winds are shallowest from Norem- 
ber to February when they have a depth of 1 kilometer 
and deepest from July to October when they are 4 
kilometers thick. The upper NW. wind is weakest and 
thinnest during the northern summer from May to August. 
SE. winds would appear to interrupt the NW. current 
during May and June but there are few observations 
available to establish this result. There is a much 
greater development of winds from the south during 
summer which may be due to increased convection or 
to the dumping of air into. the Northern Hemisphere by 
the SE. trades which are much stronger during these 
months. The United States Pilot Charts give their 
usual northern limit as 5 O  N. during June to August 

FIGURE 1.-Direction of pilot balloons above 11 kilometers at Pearl Harbor. Honolulu. 
Although showing wide variations there is evidence of northerly winds up  to W 
kilometers 

plying the velocity of ea.c.h stratum by its density. The 
adopted mean velocity for layers up to 9 kilometers was 
obtained by taking the mean of the two monthly veloc- 
ities, above 9 kilometers, owing to the uneven distribu- 
tion of data the mean of all flights was used. Lacking 
density data based on observations a t  Honolulu, an air 
density midway between that found for Equator and for 
Canada was used. Since the air has the same density 
a t  these places n t  an altitude of 11 kilometers and has a 
maximum difference a t  1 kilometer of only 5 per cent 
the error introduced by assuming a density midway 
bet,ween them must be slight. The relative displacement 
of air is given in Table 4. 
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Height, kilometers 

TABLE 4.-Relative displacement of air i n  Eayera 1 kilometer thick to 
an  altitu.de of 14 kilomet.er8 
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FIGURE 2.-Variation of height of east-west wind components during year. During 
May-June easterly winds prevailed above 6 kilometers 

Up to 13.5 kilometers the air mass moved toward the 
east is 1.1 times as much as the air moved toward the 
west; making use of the velocities determined from. the 
few flights available up to 25 kilometers altitude, it is 
found that there is the same amount of air transported 
toward the east as toward the west. There is a great 
preponderance of air movement toward the Equator; up 
to 13.5 kilometers the polar inflow to the Equator is 
twenty-seven times the outflow. Owing to the fre- 
quency and strength of southerly winds about the 
20-kilometer level the excess of polar inflow computed 
from all flights up to 25 kilometers is reduced to 9.5 
times the outflow from the Equator. Above the 35- 
kilometer level the density becomes so small tha.t, even 

should southerly winds with esteremsly high velocities 
occur a t  these heights, the total air mass moved to- 
ward the Equator would remain much greater than 
that moved poleward. 

The trade winds have, until recently, been explained 
as the return flow a t  surface levels of the warm air which, 
having risen a t  the Equator to great altitudes, flows off 
toward the Pole; the rotation of earth deflecting the 
returning winds so that their approach to the Equator 
has an angle of 45' therewith. This simple explanation 
has been attacked by modern meteorologists, notably 
Sir Napier Shaw. To 6he modern view the intertropical 
circulation may be considered as currents of air flowing 
in between centers of high pressure guided along their 
course toward the Equator by pressure distribution and 
then after joining the equatorial current finding their 
way to high latitudes either a t  great altitudes or on the 
appropriate side of high-pressure centers. The old view 
would require above every point in the intertropical area 
an e uivalence of air moving north and south. The 

not an equal north and south flow but a great mass of air 
being carried in toward the Equator. Above the Hawai- 

Hono 9 ulu data show clearly that there is a t  that point 

I 
I &  I 

FIQURB 3.-Variation in height of north-south wind components durlng year. In 
September-October northerly winds occurred at all heights up to 11 kilometers 

ian Islands there is a continuous equatorward current of 
polar air; where this current works back to high latitudes 
is not clear. 
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